Background: Systemic inflammation may contribute to cachexia in patients with chronic obstructive pulmonary disease (COPD). In this longitudinal study we assessed the association between circulating C-reactive protein (CRP), tumor necrosis factor (TNF)-α, interleukin (IL)-1ß, and IL-6 levels and subsequent loss of fat free mass and fat mass in more than 400 COPD patients over three years. Methods: The patients, aged 40-76, GOLD stage II-IV, were enrolled in 2006/07, and followed annually. Fat free mass and fat mass indexes (FFMI & FMI) were calculated using bioelectrical impedance, and CRP, TNF-α, IL-1ß, and IL-6 were measured using enzyme immunoassays. Associations with mean change in FFMI and FMI of the four inflammatory plasma markers, sex, age, smoking, FEV 1 , inhaled steroids, arterial hypoxemia, and Charlson comorbidity score were analyzed with linear mixed models. Results: At baseline, only CRP was significantly (but weakly) associated with FFMI (r = 0.18, p < 0.01) and FMI (r = 0.27, p < 0.01). Univariately, higher age, lower FEV 1 , and use of beta2-agonists were the only significant predictors of decline in FFMI, whereas smoking, hypoxemia, Charlson score, and use of inhaled steroids predicted increased loss in FMI. Multivariately, high levels of TNF-α (but not CRP, IL-1ß or IL-6) significantly predicted loss of FFMI, however only in patients with established cachexia at entry.
Background
Chronic obstructive pulmonary disease (COPD) afflicts approximately 9-10% of adults over 40 years of age [1] , and is a source of considerable comorbidity and mortality to those afflicted [2, 3] . A common complication in COPD is loss of skeletal muscle mass. Roughly 25% of COPD patients will develop cachexia [4] , which by itself is associated with increased mortality [5] .
Patients with COPD exhibit chronic inflammation in the airways, and several studies have shown higher systemic levels of inflammatory markers in patients with COPD compared with subjects without COPD [6] [7] [8] [9] . Several authors have suggested that this systemic inflammation is a causal factor in the development of complications and comorbidities in patients with COPD, including the development of cachexia [10] [11] [12] .
It is still controversial whether the increased systemic levels of inflammation represent a chronic, systemic inflammatory process or reflect spillover into the systemic bloodstream of inflammatory byproducts from the lungs without consequences [13] . Regardless of the source of the systemic inflammatory markers, increased levels could be a factor in the development of extra-pulmonary manifestations in COPD. This is a particularly attractive theory regarding Tumor Necrosis Factor alpha (TNF-α) and the development of cachexia in COPD. TNF-α, originally termed cachexin, is produced by a variety of immune cells, and is together with Interleukin-1ß and −6 (IL-1ß and IL-6) instrumental in the induction of the acute-phase response, including production of C-Reactive Protein (CRP). It has long been thought that prolonged exposure to TNF-α contributes to cachexia in cancer patients [14] . Thus, it would seem reasonable that higher systemic levels of CRP, TNF-α, IL-1ß, and IL-6 could be contributing factors to cachexia also in COPD patients.
So far, only cross-sectional studies have been published on levels of these inflammatory markers and body composition in patients with COPD, with some studies finding higher TNF-α in underweight COPD patients [15] [16] [17] [18] , whereas other studies have not [19] [20] [21] [22] .
The aim of the current study was to examine prospectively the relationship between the systemic inflammatory markers CRP, TNF-α, IL-1ß and IL-6 and loss of fat free mass over a 3-year time period, using data from the Bergen COPD Cohort Study in Western Norway. We hypothesized that patients with high levels of these molecules on entry would have a higher rate of decline in free fat mass over the next three years.
Methods

Study population
The study sampling and data collection in the baseline phase of the Bergen COPD Cohort Study have been published previously [7] . Briefly, in 2006/07, 426 COPD patients were enrolled, aged 40-76 years, with a clinical diagnosis of COPD, GOLD stage II or worse, and a smoking history of more than 10 pack-years. All patients received written and oral information prior to participation, and signed informed consent. The regional ethical committee (REK-Vest) approved the study.
All patients were examined at baseline, and attempted followed-up yearly. 388 patients (91%) participated at the one-year visit, 374 (88%) at the two-year visit, and 360 (85%) at the three-year visit. Eleven patients who used oral steroids were excluded from the study sample for the current study. For seven patients we lacked valid plasma samples, thus the initial study sample consisted of 408 patients.
Data collection
A physician performed a structured interview, measured arterial blood gases, and provided health care as needed. Bioelectrical impedance was measured with a Bodystat 1500 (Bodystat Ltd, Douglas, Isle of Man, UK), and all patients were fasting prior to the visits. The reliability of bioelectrical impedance measurements has been previously described [23] . The fat free mass index (FFMI) and fat mass index (FMI) was calculated as the fat free mass (kg) or fat mass (kg) respectively, divided by the square of height (m 2 ). A reliability study was performed for quality control of the impedance measurements. Ten COPD patients and 10 healthy volunteers were measured 10 times each within one hour. The coefficient of variance for FFMI was 0.47 for the patients and 0.54 for the healthy controls, and for FMI 1.14 for the patients and 2.09 for the controls. Cachexia was defined as having a FFMI less than 14 kg/m 2 for women and less than 17 kg/m 2 for men [4] , which corresponds to the lower 95% confidence limit in a normal population [24] .
For the current study, available plasma samples from baseline (n = 408) and the one-year (n = 382) visits were analyzed. The outcomes were change in FFMI and FMI, measured at baseline (n = 405) and the one-(n = 369), two-(n = 336), and three-(n = 339) year visits.
Laboratory measurements
Plasma samples were drawn into pyrogen-free blood collection tubes with EDTA and centrifuged within 30 minutes at 2150 X g for 15 minutes at 4°C. All samples were stored at −80°C.
TNF-α, IL-1ß and IL-6 were measured using enzyme immunoassays (EIA) kits from BD Biosciences Pharmingen (San Diego, CA) and CRP using a high-sensitivity EIA kit from R&D Systems (Minneapolis, MN). All samples from one patient were analyzed on the same ELISA plate for each marker to reduce intra-subject inter-assay variations. All measurements were performed in duplicates and the averaged values were used.The detection limit for IL-1ß, IL-6 and TNF-α was 0.5 pg/mL, whereas for CRP it was 0.010 ng/ml and values below were defined as 0. The intra-assay and inter-assay coefficient of variations were <10% for all parameters.
Statistical analyses
For the four markers the distribution was left-skewed. For the correlation analyses between all markers and the body composition indices FFMI and FMI, Spearman's rank correlation tests were used. The levels of the cytokines were generally low, with many patients having levels below the detection limit for each of the visits. Therefore, in addition to looking at the baseline levels of each inflammatory marker we examined patients who had a measured plasma level above the 75 percentile of each marker both at entry and year 1 ("sustained high"), compared with patients who did not.
To properly adjust for the correlation between the repeated measurements of the outcome variables FFMI and FMI, advanced longitudinal analyses are necessary. Currently, the two most used methods are linear mixed models and generalized estimating equations (GEE) [25] . We applied linear mixed models using the xtmixed comand in Stata, with an unstructured variance-covariance structure. However, all analyses were also performed with generalized estimating equations (GEE), with an exchangeable correlations structure, for comparison.
Univariate analyses
For the univariate analyses, for both the outcomes FFMI and FMI we calculated one linear mixed model for each predictor variable, which included the variable in question, the effect of time (in years, coded as 0,1,2 or 3), and the interaction term of variable * time. To obtain interpretable intercepts, continuous predictor variables were centered; the inflammatory markers around their mean value, age around 60 years, and FEV 1 around 50% of predicted.
For each model the coefficient of the variable in question thus represents the intercept, i.e. the effect of that variable at baseline, and the coefficient of time represents the effect of time. The real interest lies in the coefficients of the interaction term, as this specifies the effect of change in the outcome over time. With our coding of time as 0,1,2 and 3, the coefficients thus represents yearly change in mean FFMI or FMI.
Multivariable analyses
The main outcome of interest in this study was whether the plasma levels of the inflammatory markers predicted change in FFMI or FMI. Thus, the most important consideration with regards to the other variables like sex, age, smoking and FEV 1 was to ensure adequate adjustment for possible confounding variables. For the multivariable analyses, we chose the following modeling strategy: We fitted one model for each inflammatory marker for each outcome, in which each model included the effect of sex, age, cachexia, smoking, FEV 1 in percent predicted, hypoxemia, Charlson Index, exacerbations the last year prior to inclusion, use of inhaled steroids, use of long-acting ß2agonists (LABA), and use of theophylline. Since several previous cross-sectional studies have shown an association between cachexia and the levels of some of these inflammatory markers, we tested for the interaction between cachexia and the marker in question for each model, with a significance level set at 0.05. All analyses were performed with Stata 12.1.
Results
The baseline characteristics of the cohort are presented in Table 1 . About half were at GOLD stage II, average age was a little more than 60 years, and more than two thirds used inhaled steroids at entry. Twenty-nine percent were cachectic at entry to the study by the criteria we used [4] . Patients lost to follow-up were older, had more advanced COPD with more frequent exacerbations, and with more comorbidities (Table 1) . Among male patients, FFMI was lower among patients lost to follow-up (p = 0.02, Table 1 ). The baseline levels of the four markers were not different between patients with complete follow-up and patients lost to follow-up.
The distribution of change in FFMI and FMI over the three years of the study is shown in Figure 1 .
Univariate analyses between independent variables and FFMI or FMI
A correlation matrix of the four inflammatory markers measured on entry (year 0) and at second visit (year 1), as well as FFMI and FMI measured at these two visits, is presented in Table 2 . There were significant correlations between the levels of each marker between the first and second visit, strongest for CRP (correlation coefficient 0.75). There were also significant correlations between the different cytokines, but weaker than the inter-visit correlation for each marker. The only inflammatory marker that consistently correlated with FFMI and FMI at the first and second visit was CRP.
The unadjusted estimated yearly change in FFMI and FMI for each inflammatory marker is shown in Table 3 . For example, in a patient with a measured value of 2.4 ug CRP, the yearly decline in FFMI would be 0.0732 kg/m2. For a patient with a measured level of CRP equal to 3.4 ug, the yearly decline in FFMI would be (0.0732-0.0121) 0.0611 kg/m2, whereas in a patient with measured level of CRP 1.4, the yearly decline in FFMI would be (0.0732 + 0.0121) 0.0853 kg/m2.
For neither FFMI nor FMI were the entry inflammatory marker levels statistically significant predictors of increased decline. However, in patients with a sustained high level of CRP, there was a significant increase in FFMI and decrease in FMI over three years.
Higher age, lower FEV 1 , and use of long-acting beta2agonists were the only significant predictors of an increased decline in FFMI in the univariate analyses. For decline in FMI, significant predictors were smoking history, arterial oxygen tension (PaO 2 ) less than 8 kPa, the presence of comorbidities, use of inhaled steroids (Table 4 ). Exacerbation history the last year before entry to the study, did not predict change in either FFMI or FMI (Table 4) .
Estimation with GEE gave reasonable accordance with the results found with the linear mixed models, where all coefficients where almost similar, but the confidence intervals sometimes narrower (data not shown).
Multivariable analyses
After adjustment for all covariables, lower CRP and lower IL-6 at baseline was significantly associated with an increased decline in FFMI (Table 5 ). For CRP this also held up when comparing patients with sustained high levels to patients without, where the fastest decline in FFMI was seen among patients without sustained high levels of CRP.
Patients with a sustained high level of TNF-α (TNFα > 2.2 pg/mL, n = 54) at both year 0 and year 1, had a significantly greater decline in FFMI compared with patients without sustained high TNF-α ( Table 5 ).
The only significant relationship between levels of the inflammatory markers and change in FMI over time was in patients with sustained high levels of CRP who had a smaller increase in FMI than patients without sustained high levels of CRP. (Table 5 ).
Cachexia at baseline was not associated with accelerated decline in either FFMI or FMI, neither in the univariate analyses (Table 4) , nor when included in the multivariable analyses (data not shown).
For TNF-α there was a significant interaction with cachexia at baseline in patients with sustained high TNF-α at year 0 and year 1 (p = 0.001). This is demonstrated in Figure 2 , which displays the estimated yearly change in FFMI for patients with and without a sustained high level of TNF-α and with and without cachexia at baseline, calculated from the coefficients from the multivariable regression analysis. Figure 2 shows that only for COPD patients who were cachectic did the slopes differ significantly between patients with different levels of TNF-α. Specifically, in already cachectic patients, sustained high TNF-α levels were associated with greater decline in FFMI than for those without sustained high TNF-α. However, in non-cachectic patients, sustained high TNF-α was not associated with greater decline in FFMI.
Discussion
This is to our knowledge the first longitudinal study of the relationships between the systemic inflammatory markers CRP, TNF-α, IL-1ß and IL-6 and the change in body composition over time in patients with COPD. The main finding from this study was that, over 3 years, sustained high TNF-α levels were associated with an accelerated decline in fat free mass, however, an interaction analysis suggested this may be only in COPD patients who were already cachectic at entry into the study.
Inflammation and loss of FFMI
COPD is a chronic inflammatory disorder, and several studies have found increased levels of TNF-α, as well as CRP and IL-6 both in bronchoalveolar lavage (BAL) [26] and in the systemic circulation [26, 27] . More importantly, some studies have shown higher systemic levels of TNF-α in COPD patients with cachexia compared with patients without cachexia [15] [16] [17] . However, the measured levels of TNF-α in BAL and blood correlate poorly [13] , and some studies have not found higher levels of TNF-α in COPD patients with cachexia compared with patients without cachexia [19, 20, 22 ]. In the current study, we have not compared the levels of the markers to non-COPD subjects. Compared with levels of inflammatory markers measured in other normal populations [28] [29] [30] , our levels were higher. However, we caution against over-interpretation of this, since methodology and populations differed.
The measured levels of cytokines in the peripheral circulation are usually quite low, partly due to the typical 'burst secretion' of the cytokines, and partly due to the fact that there are many available soluble proteins to which the cytokines can bind. Thus, to observe the potential effects of a sustained increase of the proinflammatory cytokines in the systemic circulation, a sufficient patient sample is necessary, which has not always been the case with studies published so far. We studied over 400 patients, 29% of whom were cachectic.
Longitudinal versus cross-sectional studies
Arguably, the most important missing pieces in the literature to date are longitudinal studies on humans. Although cross-sectional studies may indicate an association between levels of an inflammatory marker and body composition, the rate of change in FFMI and FMI can only be assessed with longitudinal data. We have previously shown from a cross-sectional study on this cohort that CRP was markedly increased in COPD patients compared with subjects without COPD [7] . In addition, we then found that fat mass, more than fat free mass, was associated with elevated levels of CRP in COPD patients [31] .
In the current 3-year longitudinal study, we expand on prior knowledge by showing that it was COPD patients without sustained high levels of CRP that had the largest decline in FFMI and largest increase in FMI. Further we showed that COPD patients with higher systemic levels of IL-1ß and IL-6 in general did not have a subsequently increased decline in fat free mass or increase in fat mass. Only one marker, TNF-α, and only in patients with a high level both at year 0 and year 1, predicted an increased decline in FFMI. However, the interaction analyses suggested that COPD patients with the same high TNF-α levels who were not cachectic on entry did not lose FFMI faster than their non-cachectic counterparts with lower TNF-α.
Interpretation of the findings
If we accept the current findings, the question remains, what do they mean? There are several possible interpretations: First, inflammation may be a consequence rather than a cause of initial loss of fat free mass, but may contribute to further loss of fat free mass once the cachectic process has started. Second, only a subgroup of patients respond to 
Figure 2
The estimated change in FFMI based on the regression coefficients from the interaction (p = 0.013) between the effects of plasma levels of TNF-α on change in fat free mass in cachectic and non-cachectic COPD patients.
high TNF-α levels by loss of FFMI, presumably due to genetic and/or environmental differences between subgroups. Third, the patients who were cachectic at entry may have had a longer exposure to inflammation before entering the study, implying that the non-cachectic patients with high TNF-α levels will develop cachexia if followed longer. It would take and even bigger and far longer study to distinguish among these possibilitiesone in which prior to starting to smoke, a young cohort was followed until age 60-70 with similar measurements. In that way, pre-tobacco influences on cytokine levels could be established, time to develop COPD would be recorded, and temporal relationships between body composition and cytokine profiles established. These possibilities could have therapeutic consequences, since a TNF-α blocking agent presumably would not have an effect before cachexia was already developed if the first explanation was correct. Very few studies to date have assessed anti-TNF-α treatment on cachexia, and only in patients with cancer [32] or arthritis [33] . In neither of the studies to date have the results been convincingly in favor of anti-TNF-α treatment. Although there are no specific trials to date on anti-TNF-α treatment for cachexia in COPD, interesting circumstantial evidence is available from a multi-centre trial of 220 COPD patients in North-America, in which infliximab was tested against placebo [34] . In patients who were cachectic and received infliximab 6-minute walking distance improved significantly after 24 weeks, whereas patients who were not cachectic did not benefit from the drug, supporting our findings that TNF-α may be of consequence only in already cachectic COPD patients.
Regarding change in FMI, baseline variables daily smoking, use of inhaled steroids, and being hypoxemic were associated with a larger loss of FMI, even in the multivariable model (data not shown). Current smoking is associated with a suppression of appetite, whereas use of inhaled steroids could be a marker for disease severity. Patients with respiratory failure may exert themselves more at rest, thus burning more fat. However, we caution against over-interpretation, as the analyses did not take into account change in smoking habits, PaO 2 or medication use throughout the study. The main research interest was whether plasma levels of the inflammatory markers were predictive of subsequent change in body composition, including changes in fat mass, and the importance of the co-variables was to make sure we had adequately adjusted for confounders.
